A comparative study is made between ZrO 2 and HfO 2 as a gate dielectric in amorphous indiumgallium-zinc-oxide (a-IGZO) thin-film transistors (TFTs). The degradation of transfer curves are observed in both dielectric devices, but much less degradation is observed in the ZrO 2 dielectric one. Higher subgap density of states are extracted in HfO 2 dielectric devices, which is consistent with the severe degradation of the electrical characteristics of the HfO 2 device. We also observe the higher low-frequency noise in HfO 2 dielectric devices compared to the ZrO 2 and SiO 2 dielectric ones, which is attributed to the enhanced remote phonon scattering from the HfO 2 dielectric.
INTRODUCTION
Amorphous indium-gallium-zinc-oxide (a-IGZO) thin-film transistors (TFTs) are attracting much attention due to their advantages such as high electron mobility, high visible transmittance, good uniformity, and low processing temperature. [1] [2] [3] Since the first report by Nomura et al. 4 various high-k materials have been used as a gate dielectric layer for a-IGZO TFTs to obtain a high ON current at a low gate voltage. [5] [6] [7] Among many candidate materials, ZrO 2 and HfO 2 have been expected as promising high-k materials for a-IGZO TFTs because of their high dielectric constant (∼ 25), large band gap (∼ 5.6 eV), high optical transparency in the visible range, and relatively low leakage current. 8 9 Although there have been previous studies which investigate the effect of ZrO 2 and HfO 2 on the electrical performance of a-IGZO TFTs, 10 11 no systemic comparison has been performed yet. In this letter, we made a comparative study of ZrO 2 and HfO 2 as a gate dielectric for a-IGZO TFTs by comparing the transfer characteristics, capacitance-voltage (C-V ) curves, subgap density of * Author to whom correspondence should be addressed.
states (DOS), and low-frequency noise (LFN) behaviors of both dielectric devices. Figure 1 (a) shows the schematic cross-section of fabricated a-IGZO TFTs with a staggered bottom gate structure. On a thermally grown SiO 2 /Si substrate, molybdenum (Mo) as a gate metal was deposited and patterned by a conventional photolithography process. Then, 20-nm-thick ZrO 2 or HfO 2 was deposited by atomic layer deposition (ALD) method at 150 C followed by plasma-enhanced chemical vapor deposition (PECVD) deposition of a SiO 2 (=100 nm) at 300 C. The sample with a PECVD deposited SiO 2 (=120 nm) was prepared to fabricate a reference device. As an active layer, a-IGZO layer (= 50 nm) was deposited by radio-frequency (RF) magnetron sputtering at room temperature (RT) in a mixed Ar/O 2 (100:1 at sccm). For the source/drain, a 200-nm-thick Mo was sputtered at RT and then patterned by dry-etching. After N 2 O plasma treatment on the channel surface, a SiO 2 passivation layer was deposited at 150 C by PECVD without a vacuum break. The channel length (L), the channel width (W ), and the length of the overlap region between the gate and source/drain were designed to be 10, 50, and 10 m, respectively. Table I show the transfer curves and extracted electrical parameters of the a-IGZO TFTs with ZrO 2 and HfO 2 interfacial dielectric layers compared with those of the reference SiO 2 dielectric device. The fieldeffect mobility ( FE ) was determined by the maximum transconductance at a low drain-to-source voltage (V DS ) of 1.0 V, and the threshold voltage (V TH ) was estimated by the intercept of the extrapolated curves with the voltage axis. The data show that the electrical performances are degraded in both dielectric devices compared to the reference SiO 2 dielectric device, but much less degradation is observed in the ZrO 2 dielectric one. In silicon-based transistors, it has been known that the high defect densities in high-k dielectrics and high-k dielectric/silicon interfaces can cause the adverse effects in device performances. Figure 2 and the inset show the subgap density of states (DOSs) (g E ) of three different dielectric devices over a half range of the bandgap and near the conduction band edge, respectively. The DOSs are extracted by the multifrequency C-V method reported in our previous work. 13 For amorphous TFTs, the distribution of the DOS in the subbandgap region is very important because it has a significant effect on the electrical characteristics of amorphous TFTs. Considering that the a-IGZO thin film is an n-type semiconductor and the a-IGZO TFT operates in the accumulation mode, we can consider the extracted DOS as that of the acceptor-like states, and it can be modeled for the superposition of exponential tail states and exponential deep states by where E, N TA , E C , kT TA , N DA , and kT DA are the trap energy, the conduction band intercept density of tail states, the conduction band energy, the characteristic decay energy of the tail states, the conduction band intercept density of deep states, and the characteristic decay energy of the deep states, respectively. A double exponential (defect pool) model has been widely used to fit g E in amorphous silicon TFTs, 14 15 and has been successfully applied in expressing g E of the a-IGZO TFTs. 13 16 Table II summarizes the extracted model parameters in three different dielectric devices. From Figure 2 and the inset, it can be observed that the magnitudes of both tail and deep states are largest in the HfO 2 dielectric device, and smallest in the SiO 2 dielectric one. Considering that the increased DOS can cause the degradation of electrical properties including the large SS, this is consistent with our previous measurement results in Figures 1(b) and (c) .
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As another electrical parameter which can be used to estimate the performance of the TFT devices, we compare the LFN properties in SiO 2 , ZrO 2 , and HfO 2 dielectric devices. LFN is a useful tool for the assessment of gate dielectric and active layer quality, and it is necessary to reduce the LFN for the implementation of high-performance analog circuits. Figure 3 number fluctuation theory and the bulk mobility fluctuation theory. 17 18 One method of finding the dominant mechanism causing the LFN is to investigate the S I /I 2 DS dependence on the (V GS −V TH ) at fixed frequencies. 19 Figure 3(b) shows that the slope in the log-log plot of S I /I 2 DS against (V GS − V TH ) is close to −1.0 at a fixed frequency of 40 Hz in all devices, which represents that the LFN is mainly due to the bulk mobility fluctuation in all dielectric devices. Considering that the dominant mechanism of the LFN is the bulk mobility fluctuation in all dielectric devices and the bulk mobility fluctuation is mainly caused from the phonon scattering, 20 the increased LFN in the HfO 2 and ZrO 2 dielectric device can be attributed to the enhanced electron-phonon scattering that originates from the remote phonon modes of the HfO 2 and ZrO 2 . This conclusion is consistent with the previous studies of Fischetti et al. 21 which reported the strong remote phonon scattering due to the HfO 2 and ZrO 2 dielectrics in silicon-based metaloxide-semiconductor systems. The measured LFN result also shows that the remote phonon scattering due to the HfO 2 is stronger than that due to the ZrO 2 in a-IGZO TFTs.
CONCLUSIONS
In this letter, we made a comparative study of ZrO 2 and HfO 2 as a gate dielectric for a-IGZO TFTs. In both dielectric devices, the degradation of electrical performances including the larger SS and smaller FE is observed compared to the reference SiO 2 dielectric device, but much less degradation is observed in the ZrO 2 dielectric one. The higher trap density in the HfO 2 dielectric or HfO 2 /a-IGZO interface is considered as the main cause for this phenomenon, and it is consistent with the extracted DOSs by the multifrequency C-V method in the SiO 2 , ZrO 2 , and HfO 2 dielectric devices. We also observe that the LFN from the HfO 2 dielectric device is higher than those from the ZrO 2 and SiO 2 dielectric ones, which is mainly attributed to the enhanced remote phonon scattering from the HfO 2 dielectric.
